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Fermion localization in a braneworld model in presence of dilaton coupled higher curvature Gauss- 
Bonnet bulk gravity is discussed. It is shown that the left handed fermionic modes can be localized 
on the visible brane due to the dilaton coupled higher curvature term without the necessity of any 
external localizing bulk field. This offers a natural resolution of the flavour hierarchy problem in 
Standard Model. 


Randall Sundrum warped geometry model [1] is an eminently successul model in resolving the long standing gauge 
hierarchy/naturalness problem in an otherwise successful Standard model of elementary particles. This resulted in 
extensive search for a signature of RS model in LHC [2-7] . When applied as a physics beyond Standard Model (SM) 
such a scenario is often based on an underlying assumption that the SM fermions in general can propagate in the 
bulk while their chiral states are appropriately localized in different regions of bulk spacetime producing the desired 
4-dimensional fermion masses on the visible brane. Though RS model itself can not provide any justification for this 
localization, there have been efforts to provide an explanation of this by introducing an ad-hoc scalar field in the anti- 
de Sitter bulk of RS model [8-14]. Such a mechanism of localization however gives rise to the speculation about the 
possible back-reaction of the scalar to jeopardize the original RS solution for the warp factor. The origin of hierarchy 
of fermion masses in Standard model is a problem yet to be resolved. In this work we show that a string inspired 
modification to Einstein gravity via dilaton and higher curvature effects can explain the hierarchy among the fermion 
masses, where the effective masses of fermions are determined by their couplings with the dilaton field. Our work 
is staged on a five dimensional spacetime where our universe sits at one of the fixed points of the orbifolded extra 
spacetime dimension. This work thus is an attempt to look for an alternative pathway for this localization which 
resorts to the presence of higher curvature corrections to the classical Einsteinian gravity in the bulk as postulated 
in RS model. Such a correction, though heavily suppressed in low energy world, assumes significance in an AdS 
bulk with curvature ^ Planck scale as assumed in RS model. At the leading order, such correction over Einstein 
Gravity which is free from the appearance of any ghost field due to the higher derivative terms, is the Gauss-Bonnet 
gravity where the various quadratic curvature terms appear in suitable combination to make the theory stable. Such 
a correction is also inspired by string theory which in addition also predicts the presence of the scalar dilaton in the 
action. 

Following the path adopted in RS model, if the dilaton coupled GB gravity is compactified on jZ^ orbifold, it 
gives rise to two branches of warped solutions, one of which is stable and free of ghost. In this work we adopt this 
ghost free branch and study the effects of higher curvature couplings on the two chirality states of 5 dimensional SM 
fermions to study their localization on the standard model 3-brane. 

As discussed earlier, if the standard model fermions also propagate in the bulk, just as graviton, then by appropri- 
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ately choosing the interaction potential between the fermion and a localizing field one can try to obtain the appropriate 
overlap between the chiral states of the fermionic wave functions to localize the left chiral massless fermion states on 
the brane. However without resorting to any such external ad-hoc field can one produce this desired feature through 
the higher curvature GB terms in the bulk? This would then provide a natural explanation of observing only the 
left-handed neutrinos in our universe while the massive fermions appear with both the chiral states. We try to address 
this question in the present work in the framework of GB-dilaton induced warped geometry model [15]. 

In this work, we consider a bulk fermion (massless and massive) and study the localization profile in the five 
dimensional warped geometry model in the backdrop of Gauss-Bonnet dilaton gravity. We will show that inclusion 
of higher curvature terms lead to the localization of left handed fermionic modes near the visible brane as their mass 
decreases while the right hand modes are localized within the bulk. In such localization scenario therefore one does 
not need to invoke an external bulk field as has been proposed earlier. Since the Standard model only includes the 
left handed modes of massless fermions, we can clearly see that this higher curvature setup will automatically allow 
the fermionic wave functions to localize themselves in the TeV brane. On the other hand, the delocalization of right 
handed modes inside the bulk can produce interesting phenomenological consequences like fermion mass generation 
as suggested by Ref. [14]. 

Before going to discuss the various features of fermion localization, we start with the 5D action for the two brane 
warped geometry model including higher curvature gravity as [15]: 
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where A, B,C,D = 0,1, 2, 3,4. Here i signifies the brane index, i = l(hidden), 2(visible) and Ti is the brane tension. 
Additionally and xiv) represent the Gauss-Bonnet coupling and dilaton. The background metric describing slice 
of the AdSs is given by. 


dsl = gABdx^dx’^ = -k rldy^ (2) 

where Tc represents the compactification radius of extra dimension. Here the orbifold points are yi = [0, tt] and in the 
above metric ansatz rjap = diag{—l^-\-l,+l,+l) is flat Minkowski metric. The explicit form of warp factor is given 
by [15]: 


km{y) = kRs [l + L-f ©(L^)] . 


( 3 ) 


where L := 


4a 




M, 


( 5 ) 


in which M( 5 ) signifies 5D mass scale and kus = 24 m 3 ~- Here we neglect the possibility of 

getting other branch of solution for the warp factor, which leads to the spurious ghost degrees of freedom. Additionally, 
the dilaton satisfies the linear profile in the bulk, xiv) = cijyj, where ci is an arbitrary integration constant. As the 
nature of warping influences the localization profile of the bulk fermion, therefore it is expected that the dilaton charge 
Cl for a given fermionic field will determine the localization property and hence the effective fermion mass term on 
the brane. 

We will now start our discussion regarding the localization scenario of fermionic modes. The hve dimensional action 
for the massive fermionic field can be written as: 


Sf = J d^x[Det{V)] ^i'i>{x,y)-f°‘V^^^'^{x,y)S'^ - sgn{y)mf'i>{x,y)'^{x,y) + h.c.j 

= J d^x |^(a;, y) + l^{dy - ‘2rcdy{kM{y)\y\}) - sgn{y)mB y) + h.c.j 


( 4 ) 


where 6^ := -k represents the covariant derivative in presence of fermionic spin connection = 

[r^, r^]. Here represents the gauge field respecting 50(3,1) transformation on the vierbein coordinate. 
Here we assume that the bulk fermion mass tob originates through an underlying spontaneous symmetry breaking in 
bulk via 5-dimensional Higgs mechanism [16, 17]. The 5D Gamma matrices T"^ = '■= = * 74 ) 
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(c)Leftt fermionic mode with m ~ O(GeV). 




(e)Left fermionic mode with m ~ O(MeV). 



FIG. 1: Localization of the left and right handed fermionic profile S,l,r{v)- For all situations we have taken ctfs) = 10“®, Ci = 
0.17, rriB ~ {+l{left), —l{right)) which fixes, kmTc = 12, is necessarily required to solve the hierarchy problem. Here all the 
masses are given in the Planckian unit. 


satisfy the Clifford algebra anti-commutation relation {r^,r^} = 2ri^^ with = dtag (—1,-|-1,-1-1,-|-1,-1-1). In 
this context gMN ■= (v^ 0 Vab’ where are characterized by the usual conditions: 

= 1, V;f = Det(V) = (5) 

and A, B being tangent space indices. For our set up SO{i, 1) spin connection can be written as: 

= 0, fl;, =(6) 

We decompose the five-dimensional spinor as '^{x,y) = 'ip{x)^{y). In the massless case the definite chiral states 
tpLix) and iPr{x) correspond to left and right chiral states in four dimension. The ipL and t/jfi. are constructed by, 
V'i.fl = 5(1 T '1^)4’■ Here ^ denotes the extra dimensional component of the fermion wave function. We then can 
decompose five-dimensional spinor in the following way: 

'i’{x, y) = ipL{x)^L{y) + i4Rix)^R{y) ( 7 ) 

Substituting the above decomposition in Eq (4) we obtain the following equations for the fermions, 

g-fcM(y)rc|y| _ 2rcdy{kM(y)\y\}) + sgn{y)mB] = -m ^L.ff(y) (8) 

where tob and m represent the 5D bulk mass and 4D effective mass of fermion respectively. The 4D fermions obey 
the canonical equation of motion, i"i^dy,'4’L,R = ttiiPl^r. Also it is important note that the left and right handed part 
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4D mass 

5D bulk 

GB 

Dilaton 


mass 

coupling 

coupling 

m 

me 
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Cl 

(in GeV) 

(in Mpi) 




10^ 

1 

10"^ - 10' '' 

0.007 

1 

1 

10"^ - 10“^ 

0.033 


1 

10"^ - 10“" 

0.057 

I(r^^ 

1 

10"^ - 10” '' 

0.078 


1 

10"^ - 10“^ 

0.098 


TABLE I: Parameter space required to generate overlap of left and right handed fermion wavefunctions at the visible brane 
via 4D effective mass. 


of the extra dimensional wave function satisfies the usual ortho-normality condition. Finally, the solution of Eq (8) 
turns out to be: 


?L,it(y) = Afexp 


2 kTsA{y)\y\'rc ±m J dy ± sgn{y)mB\y\ 


(9) 


where Af represents the normalization constant ^. 

Fig. (l(a)-l(f)) describe the localization profiles of the fermion wave function inside the bulk. They clearly depict 
that for both massive as well as massless fermions, the left handed mode is localized on the brane while the right 
handed fermions are localized inside the bulk. Additionally, from the prescribed analysis we can observe that the 
gradual increment in the dilaton coupling ci for a fixed value of Gauss Bonnet parameter L within the window 
10“^ < L < 10“^ will shift the peak position of the right handed fermionic wavefunction towards left side of the 
visible brane towards the bulk. In such a situation the hight of the right fermionic mode increases, amount of 
localization increases and the localization position of the left fermionic mode slightly shift from the visible brane 
towards the bulk. We also observe that the the effective 4D mass m term decreases as the peak position of the left 
handed fermionic mode shifts towards visible brane. The overlap wavefunction of the left and right handed mode on 
the visible brane determines the effective mass of the fermion on the 3 brane. The effective 4D mass can be computed 
from the overlap integral as: 


^overlap = tub j d^x[Det{V)] s gn{y)'^ {x , y)'^ {x , y) = J d'^x mL,R['i'L{x)'i’Rix) + 'iiR{x)'i’L{x)] (10) 

where the 4D effective mass ttil^r is given by: 


mL,R = mB f dye 
Jo 

Further substituting Eq (9) in Eq (11) the effective mass m = mL,R can be recast as: 


m = 2m B 


^5 [1 + L + 0(L2)] exp [{487r " l) + sfr} [l + L + 0(L")] 
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( 11 ) 


( 12 ) 
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Applying the normalization of the extra dimensional wave function for left and right chiral fermionic modes the normalization constant 
can be expressed as: 
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fo exp 


xCy) . , ^ ^ 
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where we fix kus^c = 12, which is necessary condition to resolve the gauge hierarchy or naturalness problem. 

In this work, we have shown that it is possible to localize the SM fermions in the bulk using the higher curvature 
dilaton coupled gravity set-up without invoking any external scalar field in the bulk. This naturally explains the origin 
of localization of left handed fermions on the visible brane whereas the right handed fermionic modes get delocalized 
and obtain their peak inside the bulk. We have also obtained the effective 4D mass term on the visible brane which 
depends on the GB coupling parameters and dilaton coupling. Different values of these parameters yield different 
fermion mass values leading to a possible explanation of flavour hierarchy among standard model fermions.Our work 
thus offers a natural origin of the standard model flavour hierarchy in a warped braneworld model through the higher 
order quantum corrections over Einstein’s gravity. 
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